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ABSTRACT 


Experimental  fTWft  quarterly  iiajxjft 

on- thia-contrae'is f  -<S^K^wi»B4^tw>  ■  affects  of  high  (113nP)  end 
low  (“ROTF)  temperature  storage  affects  upon  standard  RM  oelle 
was  continued, 

A  study  of  the  effect  of  KjgftOVon  tha  freezing  point  and  on 
conductivity  in  the  KOR-SnO^H^  system  is  pro  canted,  Solubility 
data  for  KjiuCy  in  K0H»H§0,  and  in  KOK^ZnO  (saturated  with  "B* 
fora)  *  H^O,  wee  obtained  at  roora  tenperatu.ro , 

hr1^ 

The  gassing  toots  for  determining  the  effect,  pf^  the  ZnO  content 
of  electrolyte  on  amalgamated  anodoe  have  teen  conoludod,  storage 
testa  on  1R  etruoturofl,  comparing  various  olecti-olytua,  have  bean  ■■'-L 
concluded  and  the  data^naljssed,  \ 

n-mU  1  •  •- 

JA  Talidity  of  the  latest  modification  of\Harlng  Cell  hae  bean  - 

eotabliohed,  and  it  Is  now  being  uljed  to  study  electrode  polarisation 
in  the  flM  oyaton.  Total  polarisation  and  anode  passivity,  as  limiting 
faotorB  in  low-temperature  ceil  design,  are  sraeantad  as  functions _ 

of  tho '  731  content 'of  electrolyte  (30$  1CGH)  and  electrode  current 

density. 

Development  of  a  unit  coll  for  evaluation  of  cell  structure  ia  cv--'  --- 
glroa,  and  theoretical  end  practical  considerations  of  low-tamporature 
coll  design  ora  presented. 
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I  INTRODUCTORY 


The  ba3lc  lines  of  approach,  as  outlined  In  the  second 
quarterly  report,  are  being  followed, 

Emphasis  1b  being  placed  upon  the  following  limitations  of 
low  temperature  operations 

1.  Anode  passivity 

2,  Total  polarization 

3,  Spacer  properties 

4.  Sundry  physical  limitations 

The  effect  of  KsCOj  on  the  electrolyte  is  being  investigated 
because  it  la  a  common  contaminant  in  KOH.  As  such,  It  Is 
necessary  to  determine  what  limitations  it  imposes  and  to  what 
extent  it  can  be  tolerated  if  found  to  be  deleterious » 


With  all  limitations  defined  and  taken  into  consideration, 
the  final  coll  structure  cm  be  determined  with  some  degree  of 
precision.  Theoretical  apnoideratlona  esm  at  least  indicate  a 

maximum  performance,  beyond  which  nothing  is  feasible,  ^ 
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II  TEXT 

Investigation  of  tho  bant  high  and  1  cm  temperature  performance 
of  tho  RM  alobtrd-chEirlcal  system. 

A.  Experimental  work  to  dotsrmina  tho  affsota  of  high  and  low 
temperature  storage  upon  tho  Btandard  R?'  cell  structure. 

Storage  tests  at  -SO0?  indicate  a  loss  in  capacity  of  3.355 
for  the  RMB2~4  structure  and  12.155  for  the  RlfiB-3  structure,  ovor 
the  first  three  month  storage  period.  Open  circuit  voltage  (Voc) 
dropped  about  1  Millivolt,  and  short  circuit  current  (loc)  dropped 
about  0.3' amp.  (on  measured  at  23°C),  Disassembled  colie  of  both 
typec  shoved  decomposed  barriers.  Tho  dexter  paper  in  tho  RMB-3 
structure  showed  severe  moraerteation,  while  the  faltril  in  the 
RfBZ-4  structura  showed  little  or  no  change,, 

Similar  testa  at  113®?  indicat©  a  loss  in  capacity  of  ?.6j5 
for  ths  Rt/B-4  structure  and  a  loos  of  25.655  for  the  RMB-3  structure, 
ovor  tho  flrat  throe  month  storage  pariod„  Voa  dropped  4  millivolts 
for  the  former  and  7  millivolts  for  the  latter.  Iso  was  substantially 
unchanged  for  the  Rl0h4,  but  increased  about  0.5  amps  for  the  nMB»3* 

Two  (5)  RM3-S  Odlle  (fnib  of  45  calls)  cars  dead,  end'  examination 
revealed  that  all  of  the  active  oomnonenta  had  been  exhausted „  Barriers 
and  anode  roll  sSSsratorc  (dexter  paper)  had  dooompoaed  to  a  send" 
charred  condition  thich  in  turn  probably  contributed  to  Internal 
short  circuit. 

B.  Study  of  the  basic  phyoical  chemistry  of  the  RM  elaotrolyte 
system, 

1.  Effect  of  K2CO3  upon  KCH-ZnO-HgO  oyatibsi. 

a.  Solubility  of  X2CO3  in  the  KOK-HjO  system  and  in 
KQH-ZnC-H20  system  with  ZnO  saturated  to  the  "C“  form  no  given  in 

trio  second  quarterly  report  wae  detonninad  at  23°<1  by  analysis  of _  _ 

saturated  solutions.  The  data  is  graphically  expressed  in  Figure 
I  appended.  Over  a  wide  rengo,  the  presence  of  ZnO  increases  the 
solubility  of  K2OO3, 

b.  The  offset  of  X2CO3  on  electrolyte  freezing  point 
la  illustrated  in  Figures  II  and  III  appended,  tho  former  without, 
and  tho  latter  with,  Z11O  present.  It  is  indicated  that  KgCQj restricts 
the  liquid  range  at  -*55°C  with  i$  ZnO  present,  and  widens  the  liquid 
range  at  -55®C  without  ZnO  present. 

0.  Conductivity  at  -55°C  is  generally  decreased  by  t  ha 
presence  of  K2GO3  both  with  and  without  zinc  oxide  present  as  if 
shewn  by  Table  I  appended. 
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<3.  The  method  of  chemical  .analysis  outllnnc!  In  tho 
doooncl  quarterly  report  may  ho  extended  by  continuing  the  titration 
to  tho  methyl  orange  end  point.  At  this  point,  all  of  the  K; iO  is 
neutralized,  By  determining  tho  ZnO  neparatoly  (by  weans  of  a 
K/Pe(CN)^  titration),  tho  analysis  may  ha  calculated  ea  follows 
{KOH,  K2CO3,  ZnO  pro  sent)  s 

I  *  Ft.  of  electrolyte  sample  (grama) 

K  -  f,  KOH 
L  -  %  K2C03 
2‘  -  %  ZnO  . 

P  -  millioquivalenta  to  phenolphtnaloin ■ and  point 
M  -  Additional  equivalents  to  methyl  oringo  end  point 
<6  “  gra  ZnO  in  n ample  (Analysis  by  K^FE(CB)^  titration) 

Z  *  {»/*)  100 
L  •  13.#2  (M/T)  -  3.39Z 
K  s  5.6I  (EjM)  *  1.377Z 

2.  Effect  of  ZnO  content  of  electrolyte  on  gassing 
oharauteristios  (amalgamated  anodes),  -  - 

a.  The  gassing  testa  described  In  the  second  quarterly 
report  nova  boon  concluded  and  tho  results  are  given  in  Figure  ju 
appended.  In  general,  Increasing  2nC  Increase*}  stability  In  30$ 

KOH  electrolyte  (cutaotio) .  Between  o.Aj!  and  2.02  ZnO,  little  or 
no  differs  nee  in  stability  is  indiec-.tado 

b.  Storage  tests  at  +55°0  on  the  IS  ntruoture,  using 
various  electrolytes,  have  been  concluded,  and  tho  data  ie  given  in 
Table  12  appsndad,  The  electrolytes  tested  ware  as  follows 1 

(A)  33.92  KOH  -  5.4 %  ZnO,  (B)  29.2#  KOH  -  5.02  ZnO,  (c)  29.?*  KOH  - 
1.02  ZnO,  <fl)  302  KOH  •••  QgZnO,  and  (E)  29.92  KOH  -  11.52  ZnO.  It  is 
indicated  that  75-10-100  (34.52  KOH  -  5.42  ZnO)  alactrolyto  is 
preferable  to  ..a.  302  KOH  electrolyte,  regardless.  of  ZnO  content,  for 
room  tamparatura  operation  of  the  1R  structure.  With  the  KOH  content 
constant,  no  significant  difference  in  performance  1b  indicated  with 
ZnO  Contents  below  the  s0n  curve.  However,  at  or  near  the  MAn  curve, 
performance  is  minimum. ^ 

Two  (2)  lR  cells  stored  for  60  days  at  55°C  were 
opened,  and  the  electrolyte  was  analyzed  by  the  method  outlined  above. 


Original 

Electrolyte 


KOH 

K2G03 


Cell  fBL 
17.7  2 
7.152 
4.852 


SalL& 

16.02 

9,82 

5.12 


Pag©  5 


MjSMIi 


The  electrolyte  ms  analysed  as  though  KOH,  KgCQi, 
and  ZnO  were  the  Only  oubataneoti  present  and  the  results  were 
calculated  on  that  basis.  The  increase  In  X3CO3  and  ^nO  contents 
indicated  that  aide  reactions  had  occurred  during  storage*  The 
KgCOg  possibly  resulted  from  oxidation  of  the  cellulose  material 
{Dexter  paper  and  perchkin  harrier)  to  C02  by  the  depolarizer. 

It  may  be  significant  that  the  ZnO  contents  obtained  on  storage 
are  vary  olose  to  the  "A"  curve  values  for  saturation  of  ZnO  in 
the  respective  KOH  oontents  determined.  This  shift  in  composition 
during  storage  is  of  such  magnitude  that  it  warrants  further 
investigation. 

3.  Standardisation  of  the  Haring  Cell 
a.  Instantaneous  testing  procedure 

It  was  necessary  to  eotoblloh  a  standard  procedure 
for  all  polarisation  measurements  and  to  determine  the  degree  of 
duplication  possible  with  the  modified  Haring  Cell  otruotura. 

Since  the  contract  stipulate#  a  primary  cell  to  operate  at  -54°C 
(-650?).  thic  temperature  was  relented  for  initial  low  temperature 
work. 


Exploratory  tests  wore  made  to  determine  the 
feasibility  of  obtaining  instantanaous  polarisation  values  for  a 
given  cell  at  various  currant  densities.  The  toots  ware  conducted 
in  the  following  manner,  A  Baring  cell  was  assembled  using  an 
unamalgamated  sheet  zinc  anode,  a  consolidated  (95$  HgQ-5JS  graphite) 
cathode,  30%  KOH  electrolyte,  and  zinc  plated  steel  reference 
electrodes.  The  current  drain  was  increased  by  0,25  ma.  increments 
at  two  minute  intervals,  and  the  respective  electrode  polarization 
values  wore  determined  for  each  ourrent.  Polarization  and  critical 
currant  density  data  for  a  number  of  runs  ware  quite  erratic  as 
shown  in  Figure  7  appended;  the  above  method,  therefore,  was  discarded, 

b.  Accepted  testing  procedure. 

A  method  was  found  to  produce  the  desired  duplication 
of  data;  it  is  as  follows. 

Cell  -  modified  Haring  coll  with  bore,  as  presented 
in  the  second  quarterly  report. 

Anode  -  zinc  disc,  1.2$  inch  diameter,  blanked  from 
strip  (.025"  thicknoas),  cleaned  with  COI4.  The  enodes  were  unasalgauated. 

Cathode  *  consolidated  at  15,000  P.S.I.  from  (,5JS 
graphite,  95%  HgO)  regranulated  depolarizer,  having  a  granular  size 
range  of  20  to  60  mesh. 
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Rel'orsnco  ©loctroc'rn  -  ,040"  sine  wir©,  olo.ijn.od 
with  CC1/  and  polished  to  high  lustre  with  Gtc-ol  wool,  Exploratory  _ . 
tastn  indicated  preferonos  for  solid  sine  wire  over  nine  plntod 
drill  rod,  as  specified  in  the  instantaneous  testing  study,  based 
on  better  consistency  of  ro quits .  The  reference  eleetrodoa  ara 
used  In  the  unemalgaraated  state  0 

Electrolyte  -  30%  KOVi,  0%  ZnO.  Thlo  composition  waei 
considered  boot  for  Initial  low  temperature  work  from  the  standpoint 
of  conductivity  and  freezing  point  data. 

Tho  temperature  was  hold  to  **54 °C  *1°G  by  an  aeetono  - 
dry  it®  bath.  Polarization  measurements  nor a  taken  initially  and  at 
30  minute  intervals  thereafter,  during  tho  2  hour  toot  period,,  with 
currant  drain  held  constant. 


The  degree  of  duplication  for  identical  runs  ran 
good,  the  average  deviation  for  the  anode  polarisation  being  well 
within  a  10  millivolt  limit,  while  the  cathode  polarization  exhibited 
a  oomawhat  larger  average  deviation.  Tho  degroo  of  precision  obtained 
$n  given  in  Table  III  apnendad.  From  this  data  it  was  concluded  that 
the  modified  Haring  Call  can  bo  used  to  determine  electrode  polarization. 
Tho  above  procedure  has  been  established  in  this  laboratory  as  standard 
for  polarisation  measurements  at  low  temperatures. 


In  general,  the  anode  polarization  increases  to  a 
maximum  during  the  first  hour  and  remains  constant  thereafter  at  any 
given  drain  rate  less  than  the  critical  current  density.  Specific 
values  aro  shown  in  Figure  71  appended. 

The  cathode  polarization  generally  doorcases  with 
time,  with  a  tendency  to  level  out  near  the  end  of  tha  two  (2)  hour 
tost.  Figure)  711  appended  ia  a  graphic  representation  of  eathodo 
polarization  aa  a  function  of  time  at  fixed  current  densities.  This 
io  in  accordance  with  tha  frequently  observed  phenomena  of  an  initial 
increase  in  eloped  circuit  voltage  (7oo)  for  an  RM  cell  on  tost. 

Total  polarization  Is  generally  at  a  maximum  at  tho 
beginning  of  tho  tecta  and  tends  to  decrease  thereafter.  Figure 
VIII  appended  presents  maximum  total  polarisation  and  initial  anode 
and  cathode  polarisations  as  a  function  of  currant  density. 

Duplication,  using  amalgamated  anodes,  is  not  of  tho 
some  degree  of  precision,  as  io  shown  in  Table  17  appended.  Anodes 
were  amalgamated  by  adding  mercury  (from  a  calibrated  capillary)  to 
tha  weighed  zinc  dice.  The  resulting  anodes,  containing  approximately 
A.P5/S  Hg  by  weight,  ware  aged  under  30)8  KOH  electrolyte  for  40  hours 
at  5?°0  to  assure  homogeneity.  The  referenco  electrodes  wero  left 
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in  the  unamalgarcated  state  and  tho  alight  notential  (found  to  bo 
practically  constant  for  a  given  tost,  and  equal  to  approximately 

20  mv)  developed  between  them  and  the  amalgamated  anode  la - corrected  -  - 

for  in  the  final  measurements.  Tho  observations  are  graphically 
expressed  in  Figure  VI  appended;  the  comparison  of aaalgamated  to 
unamalgamatod  anodes  indicates  that  although  polarisation  for  tho 
amalgamated  condition  may  bo  initially  greater,  amalgamated  anodes 
require  more  time  to  become  passive  at  a  given  current  density, 

4.  Polarisation  at  -5S°C 

a.  Effect  of  ZnO  content  of  30%  KOH  electrolyte  (eutectic) 
on  polarisation  at  “54°C  («65°F). 

\ 

A  series  of  determinations  wore  made  by  the  standardized 
procedure,  using  the  modified  Hai'ing  Call,  to  investigate  the  effects 
of  the  ZnO  content  of  30%  KOH  electrolyte  on  polarisation,  Unamalgaraated 
sine  anodeo  war®  used  for  all  tests.  Solutions  wore  prepared  containing 
30/5  KOH  and  0,2, 4, 6, 8,  and  10$  ZnO,  respsotively.  Data  for  this  series 
of  runu,  as  shown  in  Table  V  appended,  shows  that  ZnO  content  of  the 
electrolyte  does  not  appreciably  affect  anode  polarization  at  a  given 
current  density  until  theeritleel  equilibriim 

at  which  point  tho  anode  becomes  passive.  Increasing  the  ZnO  oontejjv 
i.nimw)  the  current  density  at  Wh-lcb  the  anode  becomes  passive.  The 
data  also  shows  that  cathode  polarization  in  independent  of  ZnO 
concentration.  Figure  IX  appended"  pro seats  the  relation  of  critical 
current  density  (Mk)  to  the  ZnO  content  of  the  electrolyte.  It  may  bo 
significant  that  tho  anods  passivity  lino  intercepts  the  ordinate  at 
Zo  "..11,2,  tho  saturation  (A  curve)  value,  as  reported  in  Figure  VII 
of  the  eecond  quarterly  report  for  30$  KOH  electrolyte,.  At  the  same 
time,  data  weha  ohtainsd  for  Voo, 

Closed  circuit  voltage  is  a  function  of  open  circuit 
voltage,  polarization,  and  electrolytic  conductance.  In  the  ease  of 
low  temperature  cell  dooign  it  is  indicated  that  largo  electrode  arson 
and  close  electrode  epaoings  will  ha  required.  Undar  theBO  circumstances 
the  affect  of  conductivity  is  of  such  minor  importance,  as  compared 
to  tho  effect  of  polarization,  that  it  may  be  neglsoted.  Initial 
closed  circuit  voltage  (Vcc)  may  be  plotted  as  a  function  of  current 
density  and  electrolyte  composition.  Arbitrarily  setting  Vcc  (e.g., 
at  1,15)  for  tho  minimum  desirable  load  voltage,  the  allowable  total 
colonization  can  te  expressed  as  a  function  of  ZnO  concentration  and 
the  critical  curront  density  (Mk)jthis  is  also  given  graphically  in 
Figure  IX  appended.  The  value  of  f,5k  at  tho  intersection  of  the  two 
lines  representing  the  limiting  conditions  of  anode  passivity  and 
total  polarization  is  the  maximum  practical  value  for  use  in  call 
design.  The  maximum  !iQc  with  Vcc  2  1,15,  is  1.6  milliamperee/in^ 
for  the  case  at  hand,  (Sso  Figure  IX  appended.) 


b.  FTPect  of  amalgamation  of  sine  anode  (prolirainary 

study) 

First  it  was  notod  from  tbs  standardisation  prooeduro 
results  that  amalgamation  of  thp  anode  reduced  the  precision  of 
measurement  of  polarization* 

Upon  making  a  study  of  the  effect  of  amalgamation 
(4*85$  Hg}  on  anode  passivity,  conditions  were  obtained  which  produced 
anode  polarisations  which  were  lesD  for  th®  amalgamated  condition 
than  for  the  unaaalgamated .  The  critical  current  density  (ilk)  for 
this  case  was  uniformly  higher  than  for  unamalgamatod  anodea  for 
corresponding  values  of  Ze.  Ths  foot  that  these  results  show 
polarization  for  amalgamated  anodes  to  be  less  than  the  polarization 
for  unamalgamated  anodes  as  contrasted  to  the  previous  data  obtained 
during  the  standardisation  of  the  modified  Haring  cell  may  be 
explained  by  observations  indicating  a  greater  effective  area  per 
square  inoh  (T)  for  the  anode  material  used  in  the  last  investigation. 
Visual  examination  indicated  a  more  irregular  surface  on  the  material 
(used  in  the  last  investigation)  which  produced  lower  polarization.  £%-• 

Profiloweter  testa  were  made  on  eaelgamated  and  -  •• 

unaffialgametad  anodes  and  representative  values  are  as  follows. 

unamalgamated  -  (7  to  10)  x  1CT“  in. 

"W  Amalgamated  Hg)  •  (70  to  flo)  x  10“6  in. 

f/eWLlographlo  examination  shows  an  extremely 
irregular  surface  on  amalgamated  sine,  prepared  as  outlined!  above. 

From  the  apparently  conflicting  results  from 
amalgamated  anode  polarization  studies,  it  is  indicated  that  the 
effective  arsa  par  equaro  inch  (I)  1b  not  easily  reproducible  by 
any  known  technique.  The  amalgamated  anodes  producing  polarization 
lower  than  that  of  unaealgamated  anodes  were'  definitely  not  as 

-  smooth-  as  those  producing  polarlnation  'greater  thSLn  that  of  . 

unamalgamated  anodes.  This  indicates  that  the  true  effect  of 
amalgamation  is  to  increase  polarization,  but  that  this  effect  con 
be  offset  by  an  increase  in  the  effective  area  per  square  inch  (X) 
as  a  result  of  surface  distortion.  Unless  X  can  be  reproduced, 
polarization  on  an  amalgamated  anode  will  vary  in  the  same  proportion. 
Due  allowance  for  this  range  will  have  to  be  made  in  any  tentative 
eell  design, 

C.  Structures 

1.  Performance  of  RHA  (5/8B  diameter  x  l’ V 32”  high) 
cylindrical  cell  structure. 


|  c 
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.Continuing  work  reported  previously,  a  comparison  was 
nr, do  '.wteaoH  gel  olootrolyto  and  liquid  olactrolyts  in  tho  standard 

RPS"  structure- "aflcw-  temperature",  T#o  (2)  sbiTOTtsnia  wsr«-U8«d — - - 

for  the  liquid  type,  1  *  asbestos,  2  -  Barter  paper.  Under  30  Oho 
loud,  cell  utilization  was  batter  with  liquid  electrolyte  than  with 
galj  and  of  tha  two  absorbents ,  Dorter  was  tha  batter*  Thie  data 
is  presented  in  Table  VI  appended, 

2,  Anode  gal  tests  in  RW3-4  structure* 

It  has  been  suggested  in  th©  past  that  a  gel  anode  typo 
structure  might  bo  suited  for  lor  teeperature  use. 


Previous  work  in  these  laboratories  with  anode  gel 
(Zn  powder  mixed  with  electrolyte  gelled  with  C.M.C.)  in  the  RHB-4 
structure  has  led  to  certain  conclusions  regarding  its  use  in 
standard  structures  at  roes  temperature. 


Theao  cells  generally  gave  higher  Iso  values  than  normal 
structures,  hut  did  not  perform  as  efficiently  at  high  rates  of 
drain*  At-®Hl^t«r;®:ds^iif-how«wry:-«wde-g*l- 

of: anode  gel  performance  at  low  temperature  in  the  RBB-4  structure. 


From  all  of  the  roculta,  it  is  regarded  highly  improbable 
that  these  structures,  or  any  standard  structure  oan  be  modified  to 
meet  low  tawperstuvo  requirements.  This  is  boms  out  quite  markedly 
by  tli*  theoretical  considerations  which  follow* 


3-  Unit  Coll 


a,  Basic  Cell  design  and  modifications 


The  Unit  Coll  io  the  result  of  a  need  felt  for  the 
basic  B_tudy_pf  strugture«  The  theory  of  the  Unit  Cell  is  that  the 
performance  of  a  unit  olectrode  area  .uh3or  c0ll  conaitlbn8  ls  ”ft " 

measure  of  the  performance  of  the  total  structure* -  Whether  the - 

ultimate  atruoture  he  sound,  stacked,  or  interwoven,  its  performance 
may  he  sampled  by  its  equivalent,  representative  unit  cell*  The 
unit  area  (of  the  Unit  Cell  electrodes)  was  sat  at  one  (l)  in*} 
thus  the  Unit  Cell  is  a  cell  having  anode  and  cathode  (plane  areas 
of  1  in2  each,  with  on  electrolyte  saturated  spacer  sandwiched 
between.  At  close  spaclngs,  anything  other,  than  a  1j1  ratio  of 
anode  to  cathode  (plena)  areas  is  not  conceivably  of  any  practical 
value,  hence  only  the  111  ratio  will  he  considered,  Tho  ratio  of 
electrode  area  to  usable  cell  volume  (aA)  becomes  i 


Cat:®  I  Electrodes  Active. on  Duo  Side  Only 


a/V 


_ JL_ 


In  2/ln3 


Cftoa  II  EloctredcB  Active  on  fioth  Sides 

.  4/1  “sfe  * s/ta3 

where  3  =  Electrode  Spacing,  in, 

C  s  Total  Cathode  Thickness,  in, 
X  Total  Anode  Thickness,  in. 


For  any  eventual  structure,  CaGe  II  applies  in  order 
to  meet  low  temperature  requirements  with  a  greater  degree  of  success 

By  using  the  possible  materials  of  construction  in 
this  manner,  it  is  not  necessary  to  formulate  «ojnplex,atructur#o 
which  Involve  expensive  die  making  and  time  consuming  assembly. 

Only  those  structure#  yielding  the  b#Bt  performance  in  tht  unit  - 

- -  •  •- 

TSs  first  unit  sell  design  is  dsscribsd  in  Figure  1 
appended.  In  early  attempts,  #54  Whatman  Filter  Paper  was  used  so 
tho  space?  material.  However,  it  was  soon  learned  that  if  the 
electrode  spacing  ms  made  equal  to  bhst  of  the  origins!  thickness 
of  tho  paper  (,0C6")  tho  unit  cell  become  bulged ,  This  condition 
was  found  to  be  caused  by  swelling  of  the  paper  ~m  an  increase  of 
100)8  over  the  original  thickness, 

Tho  first  modification  of  the  unit  cell  consisted  of 
adding  steal  braces  of  the  sane  dimensions  as  the  Incite  braces 
(or  plates),  the  idea  being  to  make  eleotrodo  spacing  more  uniform. 
Tills  was  found  to  help,  but  it  loft  a  great  deal  to  be  desired  at  _ 
mall  ilsctFodr  spacing  ,~T&  iOCR"  JV'  Etohlhg  patterns  bn  the 
anode  illustrated  tho  effect  of  askew  electrodes,  which  la  most 
pronounced  at,  small  a  pacings.  They  also  indicated  that  which  was  , 
later  found  to  be  true  with  modified  Haring  Cell;  namely,  that 
cell  parfomatiae  is  affected  significantly  by  the  amount  and 
composition  of  the  elaotrolyto.  Satisfactory  duplloation  was 
obtained  with  this  modification  using  a  Webril  (Product  of  Kendall 
Mills)  spacer  at  an  electrode  spacing  of  ,045",  Cathode  utilisation 
(He)  at-55°C  for  ceils  with  unamalgamated  sine  anodes  (.005"  Sheet) 
averaged  81,4)5  as  compared  to  83.5$  for  cells  with  amalgamated  anodes 
(3,6?  Hg),  Th*'.datm  is  presented  in  Table  Hill  appended*  Ho  was 
determined  by  calculation  of  cell  output  (  to  0,9*  cutoff  )  as 
recorded,  and  by  stondnrd  chemical  analysis  of  tho  cathode  for 
total  RgO,  Cathodes  for  the  Unit  Cell  are  prepared  with  depolarise? 
on  one  side  only. 


i  ^  (4c jyii(  i  lilt  «i  ijfiUsiiiHll  jffilMfetlii.fr  ffi  i*iiH**(  ••  "'■&  ’*&  **•' '  **■*» 1  ito-wUfe^UtXd^^1^  - 


Taking  into  affect  tha  amount  of  electrolyte  par 

-  - unit  area  meant  that  ths  Unit  Call  hud  to  be  modified  once.  more. 

This  latest  modification,  ths  "3"  call,  lo  described  in  F iguro  XI 
appended.  Tha  plane  area  of  tha  electrode  is  1  in*,  ao  it  was 
before,  but  now  tha  call  in  circular  in  shape.  Ona  of  tha  cocaon 
failuren  before  w*a  tha  call  seal,  whioh  when  faulty,  allowed 
C02  (from  the  dry  ioe  used  as  refrigerant)  to  attack  the  electrolyte, 
Tha  n3n  call  was  allowed  to  remain  under  test  conditions  for  100 
hours  ut  -55°G.  Analysis  showed  little  or  no  absorption  of  C02. 

Cons  plot®  data  for  tha  tent  is  given  in  Figure  XXI  appended. 

-~~r ..  Further  production  and  testing  of  tha  "3n  call  will 
be  carried  ©is  t  after  tentative  low  temperature  dell  ntructuro 
der»ignss  arc  developed.  It  will  servo  as  an  intermediate  step,  or 
pr  ovine;  ground,  betwf/on  tha  basic  data  and  the  final  cell  or  calls „ 

b.  Lor  temperature  tenting;  equipment  and.  technique. 

For  low  temperature  testing  of  Unit  Ceils,  an 
Aminco  SuirZoro  Test  Cabinet  (Model  No.  4-3352,  American  Instrument 

i  .....  Co..  3ilw  Spring,  Wi)  is. uoad.  Dry  lea  ia  explored  as  the 

’  """  ~~~  ~  ’  .  .  ~  . . 


The  cello  are  placed  on  an  aiussinu# ($"  plate) 
shelf  midway  batws#ir  top  and  bottom  of  tha  working  section  of  the 
teat  cabinet.  All  positive  terminals  are  in  oomtnoH,  end  tha 
negatives  arc  connected  individually  to  one  of  Bix  positions  on 
an  automatic  voltage  recorder  :  •• 

Normally,  a  two  to  three  hour  period  is  required  to 
establish  equilibrium  at  -55°G«  Equilibrium  Is  indicated  by  an 
iron»oonetantan  thermocouple  (the  junction  of  which  is  imbedded  in 
tha  aforament.lon.id  aluminum  plate)  usad  in  conjunction  with  a 
Bfown  Portable  Potentiometer  (Model  No.  1117).  Once  equilibrium 

■ — - - la  ecfcebllshedj  the  oells  ftre  put  on  B  fixed  load,  andvoltago - 

(Vac)  is  recorded  by  means  cf  a  Brown  Iiloctrio  Pyrometer  specially 
adapted  to  chert  voltage  vs,  time  for  uso  in  commercial  battery 
testing* 

Six  (6)  stations  are  available  For  tenting  unit 
cells.  A  chock  was  made  oh  the  currant  demand  of  tho  pyrometer 
circuit,  and  it  was  found  to  average  300  microamps.  The  design 
af  the  Instrument  ie such  that  this  current  is  drawn  about  1/X2 
if  the  time.  At  low  temperature,  this  is  a  serious  handicap  for 
Unit  Cello  in  that  it  represents  a  large  proportion  of  the  teat 
lead  current  which  Is  now  never  expected  to  exceed  a  few  milliawpa. 
Instrument  design  modification  is  underway  to  reduce  this  undesirable 
affect  to  a  minimus* 
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«■ n*r»  *»p  *  w  pfeo  \  m  „,. 


13,  Evaluation  of  spacer  materials. 

Since  the  amount  of  electrolyte  per  unit  electrode  area 
Is  of  extreme  Importance,  It  is  to  ba  expected  that  the  veld 
fraction  (F)  of  spacer  materials  would  necessarily  bo  significant, 
in  addition  to  their  physical  -  ohemioal  resistance  to  electrolyte. 

It  also  may  be  concluded  that  the  fraction  of  electrode  area 
actually  exposed  (F>),  if  it  is  not  equal  to,  Is  at  least  of  the 
same  order  of  magnitude  as  F.  Hence  it  1b  doubly  important  that 
F  be  as  near  unity  as  possible.,  For  the  ideal  ease,  F*l. 

The  following  are  "F"  values  for  spacer  materials  under 
consideration,  determined  by  Archimedes  Principle i 

Feltril  (Kendall  Wills,  Refer  il  R  -  .04.5"  thickness )--»-■ — »■— - »0*91(6 

Microporous  Rubber  (American  Hard  Rubber  Co.  -  .015"  thlcknese)—— 0,630 
Nylon  -  7127  (Bally  Ribbon  Mills,  Bally,  'Pa.  -  .004"  thickness) *0.575 
Tinyon  Fabric  -  970  (Union  Carbide  &  Oarbon  -  .004"  thickness)— —“—*0.364 


RFlon  Cloth  -  7127  1.3 

Vinyon  Fabric  -  970  13*0 
Suintera  -  5  S>8.5 

(Johns  ManviUe) 


3*5 

0.6 

U.O 


.  Time 


3  Reeks 
8  Weeks 
2  Reeks 


Microporous  rubber  loses  weight  in  boiling  30*  KQH,  stabilising 
at  about  24*  weight  loss  in  on©  hour,  and  Qolntera  -  1  (Johns-Hanville) 
disintegrates  rapidly  at  room  temperature,  Feltril  has  to  date  1 
withstood  the  apes  if  led  temperature  range  (*55C  to  45*C)  and  electrolyte 
conditions  as  is  evidenced  by  the  storage  tests  on  standard  structures. 

.  J5&PH,  vlnyon,  and  feltril  retain  their  original  strength  very  wen. - 


3,  Cell  design.  _  _  2  I_'~  ' . 

1,  Devolopssnt  of  working  equations!  -  -  '  - 

While  ideal  cell  performance  can  never  be  met  in  practice. 

It  Is,  nevertheless,  a  valuable  oonuept.  By  applying  a  mathematical 
analysis  of  the  limiting  conditions  empirically  expressed  as  functions 
of  RM  system  properties,  it  ip  possible  to  develop  expressions  which 
intopato  the  various  conditions  Into  working  equations.  The  development 
of  these  working  equations  follows,  ■ 
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Fiona  Anode  (or  Cathode)  Aron  (Coll) .in2 
Usable  Plana  Electrode  Area.  In*  (»  F’A) 

Electrode  Spacing,  in.'- 

St2R  -  Total  Thickness  of  Cathode  Matorialjin. 

Density  of  Electrolyte,  gn/cc. 

Hg  in  Anoda,  %  „  < 

Void  Fraction  of  Spacer  Material  (“  1)  — - 

Fraction  'of  Electrode  Area  Unblocked  by  Spacer 
Thlelsjeso  of  Anoda  Bass  Strip,  in* 

RgO  in  Depolarize**,  %  t. 

Cell  Current,  MA,  nlllianiperos 
Ratio  of  Electrode  Capacity  (W=/Qa) 

KOH  in  Electrolyte,  %  .  2 

Electrode  Currant  Density  .(Total  Area,  Plano  Basis),  JrtA/ln, 
ZnO  Formed  Upon  Disoharge/Unit  Electrode  Area,  ga/in* 

Cell  Can* city,  MAH,  rallliampereteoura 
Anoda  Capacity,  MAH/inz  . 

Cathode  Capacity,  MAH/inr  _  _ 

Thiokaesa  of  Depolarizer,  in. 

?SSHVag“BrG6tl»oas  Bbtee~5grlp,~1tf.  ’ 

Thick oens  of  Zn  (or  asialgan),  in. 

Utilization,  %  „ 

Cell  Volume  (Usable),  inJ  2 

Volume  of  Elaoirolytc/Oait  Eleotrodo  Aroa,  gc/ln 
Volume  of  Spaeer/fJait  Electrode  Area,  co/in- 
Weight  of  Electrolyte/Onlt  Electrode  Area,  gm/ln^ 

Weight  of  Electrolyte  in  Cell,  pi  (original) 

Q*gF- ~  Total  Thioknaee  of  Anode,  in. 

ZnO  in  electrolyte,  f  -  ■  ■■ 

Ar/A,  in2/in2  (Flectrodo  Surface  Property) 


Subacripe: 

a  «  Anodo 

b  -  Electrolyte 

e  »  Cathode 

e  -  Equllibriua 

i  -  Value  per  cubic  inch 


1<  »  Critical 
o  -  Original 
r  '  Effective 
s  -  Spacer 
t  »  Total 


Case  H  Design  (Doth  sides  of  electrode  utilized)  ■ 

Vb^FVa  .  2 

Vs  *  16.AB  (ec/in*5) 


Vb  »  FVa 

Vs*  16,4»  ,  J 
For  a  sheet,  or  solid  plate,  Zn  anodo  (7*1,  EsQ) 
1  MAH/in2  -  .00001042”  «  .00122008 


He  s  fUJSiMS  - 

0  10,000  ‘ 
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“.—  ..  V/  I  1  .X 


Kn  (Tv*-^r  )  ~7,-rjCp 
~  . 100" .  ” 

..  Wo(g;q-Ro) 

"  To&’-Jc  . 


,  ,Tnn  _  (lOO^Sa)  flfe)  -  iPrlSJtMtel 

bo*l6,*F.0Do  r.  'KOJ  w  (Za-HoT  (  10,000  ) 

»7  (lOC-Zs)  OaUa 
B  »  9.26*10  ffesS't  fdT 

or,  substituting, 

Wos”C'''Ko  ? 

-  0  0,vlrt-7  XMhlpJ.  Ms 

B  *  9.2telu  (;/c...„'/l0  )  jj  ta 

Both  expressions  for  3  era  equivalent  on  the  es<r«spfcioa  that  volaao 
change  during  operation  (discharge))  id  negligible »  Bnosr  those  corts.t.jiofi3« 

n*.*~  f<r  J!rO  in  ^iBfltroXvta) t 


Z=1G0  -v  X?2^3S }.  a 

.1  ho  } 

or 

1  ■*  (St)  *° 


(lisi-ived  froa  O£par-U7i0fit&l  dauu.  <■-«..  fj  w 
x  ei  KCH  aolos/lihter 
y  tt  ZnO  enlcs/.Uttor 

Ps  2^,VSkiA2a  4.  0.B19 


or  on  a  5?  (by  v*t.)  baaie>» 


0  a  dZL?!J?fzJi&£ 

2ft  -- 


ehsre 


a  s  256-3,932 
b  5  3,22Z-.1*497K-A'10 
c  *  17.1,5 


or  pi  little  less  eiaefoernojsa  expression: 

D  u  (,O8O202Z« ,01062)10* .007252+0,970  .  •  '  , 

Accuracy  of  above  ©?:pr&53ions  * ’t  1,5^  (20  sKbjO;  QcZnj&t  ;rstionf  A  cu.. ves ) 

.Bwswmaar’ffiPfe 
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"v •  *»r’?i •■"■wwafn '*»•  'HW^ ‘wlffW  ' ■  i »*«!* m v )i»’  j pst ■! 


I 


%ld&  y  Uo^li  wd 


3*~ 

-V 


\  ( 


A o buko  ftsnoity  of  consolidated  denolariBer  ~  S. '!  ga/cc-,  and  rteneity 
of  sine  (or  ficalgar.i)  *>  7.14  ga/cc.  ->5r?or  In  density  ip  negligible, 
in  that  the  factor  it  affect  a  (namely,  active  .  Jo;K>  on  ent  tfrLckne.se). 
io  never  more  than  4$  of  the  total  thicknecc  of  the  unit  cell. 

Qc  c  ~  B  333  pji 


R  ft 


<ip 

w 


Qa  3  1(16.4)  <’?.14)  (830)  «  96.0001 

1  -  Qa 

96,000 

If  Ifa  aunt  be  other  than  1001?’  for  optimum  performance*  the  esoaaa 
may  bo  absorbed  in  "S”. 


Go  a 


-  -  -  100?’ 


Q= 


if 


General  emuition  becomes! 

a-/?,  ; 

E-»f(dtx5 

«  y»  " 


B^(&t3R<-G+?,5) 

y» 

B+9.+T+  iiti- 

r1 


^lersrs*^ 


JT> 


f7  •  ,  Jm^al  ISal  .+  _-i_  4 _ i__3  +_&£&. 

qtt  (9. 36x10"  ‘  ('4e-Zo)  (J1  Bo)  332H  96,000  )  2 

?>  .  ■  . _ 


^  L  9610  (Zo'?'°)  ^  Do)  333H  96,000 

where  2e  *  “g#- (Me)  +  b 


+  0+S 


.J 


For  ideal  oecditlona:  ^ 
3  •  1  8o  »  0 

h  *=  ioo  y  =  1 


:  , 

cm 


Jl 


||2Q.  -  lj  +'.000040?! 
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Voing  electrolyte  ao  follows  $  Ko»  30 ,  ZonO 

Doul.288 

And  with  unamalgusstsd  Zn  anodos  (KsO,  7<tl),  frots  Haring  uoll  daua 
at  *>55eC» 

Zew  -2.80  Mic  *  11.20 
e  2.80  (4-Mk) 


A  At  s  _ _  1 - 

a.  JV.iesio  *5  p£S*}"* 

=  Si 
Qa 

31.900  .<A-*fr) 

0  m77.7 


,0000405 


Hk . —01— 

. . ™ .  .  o  ...  , 

. . 

Differentiating  8«a  Batting  otpial  i*  STS?  ||§| 

to  *»ro}  2%  000  -1600 _ _ 

Mk3-6H12~151 .4Kk«31lo  0  3.0  395 

3*5  195 

Hk*1>95  4o0  00 

Curve  is  substantially  flat  at  _ .  .. _  _  _ 

this  point  and  batxraan  1«,95  and 

2,05  for  HIc,Qiiik  a  1600  . 

Therefore,  (li)  nSx,  a 

Figuraa  I1II  and  111,  appended,  ero  graphical  praeentatione  of  the  ideal 
ease  as  developed  above, 

Ffos  this  sathQFAtioal  davolopaent,  it  is  to  be  concluded 
that  no  HH  lo*  temperature  oell  can  be  constructed  with  a  greater  capacity 
(Qi)  tiian  1640  ®a.hrg./in3  {under  the  conditions  opacified),  as  compared 
to  10.000  aa.hra./in3  for  tho  4R  standard  structure.  Actually,  at  any 
feasible  drain  rate  (laa./in2)  ideal  Qi  (Capaclty/cu.in.)  fallals 
1214  Ea. fare Any  actual  cell  in  not  likely  to  exceed  1000  for 
Qi,  in  that  electrode  back-up  ftateriel  will  take  up  valuable  space.  The. 
current  per  cu. in,  in  millieapereB  will  be  determined  by  how  far  it  is 
practical  to  reduce  Qa  (capacity  on  the  anode)  and  increase  A/7  . 

While  this  development  docs  not  serve  an  the  basis  for  the 
final  design,  or  designs,  it  does  illustrate  liaSatioa*  and  considerations 
herotof ora  not  known*  Knowing  what  constitutor  the  ideal  case?  aoaron 
can  now  bo  trade  to  bring  all  factors  ss  close  to  ideal  as  possible.  With 
the  best  aaterials  eoleoted  and  established ,  the  design  calculations  Bay 
be  formulated, 


-  0 

-~7l2— •• 
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At  room  tompsraturo ,  with  current  per  unable  volume 

( II, iaa./inJ)  _f or_ .tho _ standard  .  .line_of_^cclls  _(o , g,.,_4R) _ r i_qual_to _ 

approximately  l1' 5  aa,/in3,  it  may  be  readily  seen  from  Figure  XIV 
appended  that  A/V  would  be  required  to  be  at  leant  of  the  order  of 
150  in^/i»3  and  Qa“3  io  10  ma.hra./in^.  In  other  words,  to  build 
the  low  temperature  oell  equivalents  of  standard  polls,  the  electrodes 
must  be  prepared  with  active  component  thiokness  (plane  electrodes) 
of  the  order  of  ,00008"  for  tho  anode  and  ,00025”  for  the  cathode. 


In  order  to  produce  this  type  of  cathode,  a  special 
technique  is  being  developed,:  Basically,  it  consists  of  rolling 
a  depolarizer  coating  onto  a  steal  strip  previously  cleaned  and 
etched.  Without  a  binder,,  the  depolarizer  tends  to  flake  ar.d  dust. 
Several  binders  have  bsen  .’trlcd  to  date ,  including  Vinyl seal, 
Vinyllta,  and  Koroseal,  Polyvinyl  alcohol  (FVA)  hat  been  found  to 
be  the  moat  pronioing.  ill  of  these  binders  tend  tcfiieoreaae  this 
stability  of  the  depolarizer  in  electrolyte  over  the  range  of 
temperature  specified  in  the  contract.  Cathode  material  having  a 
capacity  of  8,36  wwhrs,  per  square  Inoh  (Qq»3.36)  haa  bean  produoed 
(92%  HgQ.  PVA"Q05^)on  a0C7"  steel  otrlp.  The  finished  product 
pin  ba  .Taanke^^^ 


b.  Anode 


tj  tg©' 

Xt  in  conceived  that  the  anode  material  wlllvconslst 
of  copper  foil  (.001”  or  lees)  coated  on  both  aides  with  high  purity 
sine  to  the  required  thickness.  The  back-up  material  (copper)  Is 
needed  to  assure  contact  at  all  times  to  all  parts  of  the  active  ~ 
component,  The  problem  of  uniform  amalgamation  in  a  complex  structure; 
remains  to  be  solved* 


0.  Screen  vs.  plane  oleatrodos. 


Effective  Brens  per  square  inch  (V)  for  screens  are 
attractively  high,  ranging  up  to  3*25*  However,  for  the  electrode 
thicknesses  under  consideration  ( ,001" )v  a  screen  would  become; 


prohibitive  in  cost,  if  not  impossible  to  manufacture.  Any  practical 
ncreen( (up  to  200  mesh)  would  seriously  cut  cell  volume  aff ioiency 


if  It  were  not  for  the  fact  that  it  also  can  act  as  an  electrolyte 
"absorbent"  and  thereby  tend  to  reduce  the  electrode  spacing,  Tho 
theoretical  aspects  will  be  presented  in  a  later  report. 


The  tests  to  determine  the  effects  of  low  (~P0°F)  and  high 
(113°P)  tempera  tune  storage  upon  standard  Vallory  RVB»4  cells  are 
being  continued. 


It  Is  planned  to  obtain  data  and  to  develop  an  expression  for 
polarisation  as  a  funotion  of  composition  of  electrolyte  and 
critical  current  density  (Mk)  for  given  electrode  conditions. 
Under  the  same  conditions,  an  expression  for  Voo  will  permit 
allowable  total  polarization  (which  in  any  practical  case,  is 
equal  to  total  internal  voltage  drop)  to  be  estimated  with  Vcc 
arbitrarily  fixod  (tentatively  not  loss  than  1.15)*" 

Pago  13 


Search  will  bo  cent  inusd  lor  r.storirJn  ant  ■'■  'hnieut-.o  that,  will 
produce  conditions  sore  nearly  ideal,  «c  ,’u  exrlainod  above  - 

All  factors  will  he  incorporated  in  tentative  dotsigrso  which, 
in  lure,  will  he  pilot  test fid  in  the  "S"  Unit  Call,  The  resulting  . 
information  will  ha  utilised  In  the  development  of  ultimate  coll 

structures* 


\ 
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TABLE  1 


Effect  Of  K;>C Coupon  Specific  Conductance  of  RM  Electrolyte, 
Without  and  With  2n0  Present,  at  “55°C. 


Percent 

KOH 

C#  K5CO0 

Sr.  Com. 

OH  ZnO 

Freeslhg 
Point. °C 

4.0s  k2co3 

So.  Cond . 

Free sing 
Point— °S. 

28,0 

0.0225  sho 

-51.5 

0.0124  aho 

-66.0 

29,0 

0.0210  11 

-57.0 

0.0091  " 

-67.0 

30.0 

0.0198  " 

-66,0 

( 

31,0 

o.oiaofl  ” 

-76.0 

32.0 

0,0170  " 

-64.0 

0.0073  « 

=66tl0 

33.0 

0.0150  " 

-62.5 

34.0 

0.0140  " 

»60»5 

Percent 

— m  Kc'coj . 

'TTBSSlffi? 

L.  ,(7i  K^fjOn 

Freezing 

KOH 

Point  ®C 

Sp,  Cow*. 

Point  °C 

28.0 

0,0185  aha 

-56.0 

0.0115  aho 

-52.0 

29.0 

0,0155  " 

"-62V0' 

30.0 

0,0135  " 

-84.0 

0,0106  * 

-54.0 

31oO 

0.0115  n 

»58.0 

0,0078  " 

-61 6  0 

32.0 

0.0095  " 

-53,0 

33*0- 

0,0080  " 

-48.0 

0.0106  ■ 

(Super  cooled)* 

win  *11  other  cases,  with  freezing  points  above  •»5560,  the  electrolytes 
were  eeal-eolid. 

,(  .  — 
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Storage  teste  on  1R  Structure  Doing  Vsricmo  Electrolytes  +  55°C, 

Teat  No.  *.  Electrolyte  Comoonltioa  Rooa  Tearpemtutft  Capacity.  (65  ohm  load) 


MJ 

M&ai 

i-S2* 

os* 

UJa* 

A 

,  33.9 
(Approx. 

5,40 

75*10*100) 

705 

593 

501 

504 

B 

29.2 

5.00 

710 

535 

504 

370 

C 

29.7 

1.05 

643 

463 

401 

355 

D 

30,0 

O 

668 

463 

242 

«*.a 

E 

29,9 

11.5 

308 

165 

ew*» 

HOTEi  All  values  are  average  of  3  coils.  Performance  values  In 
tiilliir.pW'O  hoars. 


Deviations  for  Duplicating  Testa  on  During  Call,  Es0 

f  Anode  Polarization  (Milllvplta) 

Number  of  Maxim®  Minimum  Average  Range  of  values 

Duplicating  VA  Deviation  Deviation  Deviation  Over  Initial 

.  _  Tastg._  Drain  giMuJiMn  gypP!..Mftaa 

2  .50  *  .5  *  fl0  *-  4  39*43 

2  1.00  «2.,5  *  .5  *  1.6  70*80 

2  1,50  *  2.0  *1.0  *  1„5  71-102 

3  2330 - *24.0 - — 4i0so - - - 112-155 . 

-  -  Cathode  Polarization  (Millivolts) 

2  .50  *12,5  *5.5  *  8.5  70*51 

2  1,00  *10.0  *1.0  •  *  5.0  129*48 

2  1.50  *  6.5  *1.5  *  3,5  207-134  . 

3  2.00  *29,0  *5.6  *17,5  215*138 


TABLE  TV 

Dsriatien  for  Duplicating  'Posts  on  Haring  Cell,  15*4 .85 


Anode  Pol nr i sat ion  (Millivolts) 

Knaber  of  MasrimuB  Mlnlnuta  Average  Range  of  Valuoo 

Duplicating  ?/!A  .  Deviation  Deviation  Deviation  Cror  Initial 

Testa  Drain  Proa  Mean  From.  Mean  Frcvt  Mean  2  Hour  Period 


,5 

*1.0 

*0.5 

*  .91 

38-62 

1.0 

*2.0 

*0.5 

*1.3 

70-90 

1.5 

*2,0 

*0.5 

*1.4  . 

116-142 

2.0 

*6,5 

*1.0 

a3,6 

152-225 

Cathode  Polarisation  (Millivolts) 

.5 

*20,5 

*  9,0 

*18,8 

104-15 

1.0 

*12:.5 

*  1.0 

*  7,6 

157-52 

1.5 

*20.5 

*  2,0 

*  94 

182-96 

2.0 

*36.5 

*18.0 

*26,6 

218-5? 

TABLE  V 

- .. 

.  1.. 

Anode  Polarisation  (Mlllivolta)  for  30$  X.OHj  TJnamalgalnatad  Anodes, "*54°C 


HA 

Drain 

PLMl 

SiZn-Q 

4%  ZnO 

6%  ZnO 

8 

8S'ZnO 

m.m 

.25 

*-«■*•*- 

«a> 

43-48 

,50 

40-42 

40-47 

45-51 

»«“*, 

40-45 

70-Ps 

,75 

56-60 

jetMipj^ _ . 

53-60 

230-Pa 

••••» 

1.00 

70-80 

68-70 

65-74 

72-Ps 

..  »»*» 

«•*«*<* 

1.25 

75-85 

73-76 

•  M* 

-  n«NM 

••••*» 

1.50 

71-102  - 

65-Pa 

418-Pa 

—  *» 

Meaner 

1.75 

2.00  - 

100-Pa 

300-Ps 

Notes  Pb  designated  anode  passivity. 

2,50 - 

- - - 

- - - 

.  . .  . 

- - - - 

— 

Cathode  Polarisation  (Mlllivolto)  20-60  Monh  (92%  HgO)  Depolariner 


,25 

.50 

57-36 

60-24 

61-25 

.75 

m  m-ati 

1.00 

.  128-72 

125-80 

131-114 

1.2$ 

.  HAMM 

153-136 

1.50 

204-140 

205*151 

*»»*»•» 

1.75 

2,00 

2.50 

«  I  E 

1  1  C 

IIC 

Its 

185- 

Note) 

Initial  value  given  io  obtained  at 

100-09 
126-  ' 


60-25 

75" 


51-U 

70- 


oathodo , 


'i  AP.ZE  VI 

Perforrranco  of  RMA  Structure ,  Liquid  Electrolyte  vb.  (!ol  Electrolyte 


Eloctrolyt-o 

~20°C 

Utiliantion.  % 
«/.0°C 

~55°C 

Gel  (2.5  ports  CKC/lOO 
parts  30$  KOH) 

13.9 

3.25 

0 

Dexter  Paper  ■»  30$  KOH 

— — 

5.62 

1.45 

Asbestos  4  30$  KOH 

— — 

4.5 

0.72 

Hot© :  All  efficiencies  based  on  rated  -!200  MAR  to  0.0  volt  cut-off . 

30$  KOH  used  to  make  up  both  typos  of  eloctroly to :  1-liquid  * 
absorbent,  2-gel. 


TABLE  HI 

Performance  of  R!ffl-4  Structure  Doing  Anode  Gel 

Coll  Ho„ 


•! 


.  ..  ••  ^  -•_<  --  ■  ■ 

JL 

- JL 

Room.  Tempera turojVce 

1.3E5 

* . ”T.5BT  '  ‘ 

T.J& 

Characteristics  vise 

2.6 

6  A 

5.7 

Test  Temperature 

-20'' 0 

•^O’C 

-55*0 

Load,  ohms 

30 

30 

30 

Initifil  Load  Voltage 

1,08 

0.95 

0,60 

Capacity  f Hours 

4  • 

.75 

0 

(to  0,9  V.  Cut-off  ^MAH 

130 

23 

0 

Utilization,  $ 

4.0 

0.72 

0 

M 

Unit  Cell  "2s1  Performanco 
Vo  VB.  EtOj  E*3.6 

Cell  bo. 


E{$  Hg  in  Anode) 

_JL 

_2_ 

JL 

JL 

JL 

0 

0 

0 

0 

4.0 

3.25 

Voc  (Room  Temp.) 

1.41 

1.41 

1.41 

1.40 

1.39 

1.40 

Load  (flL )»  Obtes 

2533 

2534 

2532 

2534 

2553 

2534 

(Voc)  av 

1.10 

1.11 

1.12 

1.13 

1.12 

1.11 

(II)  iv.)  MA 

,433 

.438 

•444 

,446 

.439 

.438 

Hrs,  to  0.9  V, 

44.5 

39,5 

40.3 

58.5 

27,7 

21.7 

Output,  MAH 

19.25 

17.3 

17.9 

26.1 

12,16 

9,5 

Qc,  MAH 

24.0 

20.6 

22.3 

31,9 

13.3 

H.l 

Co  (#) 

80,1 

83.1 

80.6 

81.7 

91.5 

85.6 

K 

29.4 

29,2 

29.3 

29.1 

31.1 

31.0 

L 

0.25 

0.2:3 

0.25 

0.25 

0.25 

0.25 

NoteJ  Koa3Q.4,  2o«0,  Los0.2 

(Original  Concentrations) 
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EUGENE  tWETZQE 
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Cell  F*  ce  Note 
Z-  Rey'd 

/M  Temperature. 

LJcite  C/*°  7J"'W 


FIRST  UNIT  CELL 

FIGURE  X 


FneFe  Cathode  Spicer  Materiel  £t etfrode  Speers 

l- Ray'd  '  I -Refit  /-  AsM**yA‘  Rej'd- 

(,  ocS  *  In )  RJIt  J  hpUariter  (,,  olS  -) 

On  ,007“ Steel 


■v  fisscmfly  is  meek  with  8~3Z  (%  ) hits.  Speers  ef  mice 
Or  steel  Hoy  he  ased.  Leeds  to  tie  electrodes  ere  content 


wifi  P**s  Po/jitjrcee  Cemtnt  w>  fa  tie.  cell proper-  The 
(peter  is  ncuum  imprejneied  in  Tie.  (oo  ml-  electrolytic 
biker  with  elettroAfte.  at  the  !c  ref  ind  tented,  aadtiert 
tie  s e r(rvhher)  i 3  out  in  place  and  tire  hooker  rim 
Is  coated  nrifi  £ss-  M-Z&S  grease. 


FMr£3F  M.F.Gk 


\ 


UNIT  CELL 

'  FIGURE  H 


lijtnd- 


A~  Copfr  P/qtt,  tret  Pimrttfer 

§  -  /luiltr  Gtt/rtt.  .0.32  *7**  A  ,  J.f.  »  1.3 2" 

$-  lafeifijt J&yMJ**** 

r-  QrJ/BoJj^lucjt*  *r  >£U 


C*J/  BaJtf.  iucjft  'mr  SfiL, 

it  f*pt(*r!rtr  .fimtlnt  re  Slit  I,  ■CXTIJ'h^k.  P*  /-US' 

ft*/ eiSriml*.  Mi'tt/jmm'hrx/Jiy  ’ 

Kw'i  ;>=  ■oi"  t»  .o4' 


B-  EkihiJt  ^eti/ry,  Ytntiu 

SCALE ••  # 


CepiHery 
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IDEAL  CELL  REQUIREMENTS 
A  FUNCTION  OF  ANODE  CAPACITY 
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